Ninety-eight asmptomatic subjects who had a resting and postexercise apexcardiogram and maximal treadmill stress test (MTST) were clinically evaluated 30 months later. Two of six subjects (33%) with an initially abnormal resting apexcardiogram and two of 92 subjects (2.2%) with an initially normal resting apexcardiogram developed coronary heart disease within 30 months. Three of 15 subjects (20%) with an initially abnormal postexercise apexcardiogram and one of 83 subjects (1.2%) with an initially normal postexercise apexcardiogram developed coronary heart disease within 30 months. Two of four subjects (50%) with an initially abnormal resting apexcardiogram and MTST and two of 94 subjects (2.1%) wtihout both an initially abnormal resting apexcardiogram and MTST developed coronary heart disease within 30 months. Three of seven subjects (43%) with an initially abnormal postexercise apexcardiogram and MTST and one of 91 subjects (1.1%) without both an initially abnormal postexercise apexcardiogram and MTST developed coronary heart disease within 30 months. An abnormal resting apexcardiogram, postexercise apexcardiogram, or MTST correlated with an increased incidence of subsequent coronary heart disease. An abnormal postexercise apexcardiogram plus an abnormal MTST correlated best with an increased incidence of subsequent coronary heart disease.
BENCHIMOL and Dimond' reported that the awave ratio measured in an apexcardiogram after a double Master's test was very helpful in distinguishing between normal subjects and patients with arteriosclerotic heart disease. We2 reported that 98 of 100 asymptomatic subjects (98%), mean age 51 + 6 years, had a satisfactory apexcardiogram at rest and after performing a double Master's test. Six of these 98 asymptomatic subjects (6.1%) had an abnormal resting a-wave ratio of '-15%. Fifteen of these 98 asymptomatic subjects (15.3%) had an abnormal postexercise awave ratio of ' 20%.
Follow-up data from asymptomatic subjects who have had a resting and postexercise apexcardiogram need to be obtained to determine the value of these tests in predicting latent coronary heart disease. Therefore, we are reporting 30-month follow-up clinical data on our 98 subjects who had a satisfactory resting and postexercise apexcardiogram. In addition, the 98 subjects had a repeat resting and postexercise apexcardiogram at their 30month follow-up.
We have reported elsewhere that an abnormal maximal treadmill stress test performed in 100 asymptomatic subjects, including the 98 subjects reported in this paper,2 3 was significantly correlated with an increased incidence of subsequent coronary heart disease. 4 The maximal treadmill stress test was performed in these subjects 1 hour after they completed the double Master's test. Therefore, we have also analyzed our data to determine the correlation between an abnonnal maximal treadmill stress test plus an abnormal resting or postexercise apexcardiogram with the subsequent development of coronary heart disease.
Methods and Materials
The 98 asymptomatic subjects who previously had a satisfactory resting and p9stexercise apexcardiogram2 were followed for 30 months. They included 97 men and one woman who were between ages 40 and 67, with a mean age of 53.5 + 6 years, at the 30-month follow-up. All 98 subjects had a repeat resting and postexercise apexcardiogram at their 30-month followup. None of them was on any medication at the time of the tests. All 98 subjects had a blood pressure below 140/90 mm Hg and no evidence of valvular disease at the time of their initial resting apexcardiogram. All 98 subjects had a blood pressuire below 150/100 mnm Hg and nio evidenee of valvular dlisease at tlhe time of their 30-month follow-up resting apexcardiogram. Tests were performed at least 2 hlous after a light meal. All 98 subject.s had simuiltan-eous electrocardiograms, by lead II, apexcardiograms, and pholnocardiograms recorded in the left lateral decubitus position at the maximum apical impulilse at rest and for 2 min immediately after perfoi-lminig a douible Master's test.
The equipmenit uised coisistecl of aon eight-channel Polv-13eam reco-rdeir (Sanbl)orni-Hlewlett-Packard-350 series) couipled to a multichanniel oscilloscope. Apexcard iograms were recorded with a pulse wave, liniear piezoelectric transducer (Sanborn 21051D) conniected to a Sanborni dynamic microphone (Sanboiml 62-1500-C16) used for recording lheart sounds. The pulse-xvave tranisdtucer was acoustically coupled to the bell of the dyniamic microphonie by a slhort lenigth of riibber ttubinig attached to a side-opening lumen of the souind microplone bell. In this way, the apexcardiograms and phon-ocardiograms were recorded s muiltaneouisly fi om the same site. The pulse-wave transducer was connected to an AC preamplifier (Sanborn 3.50-3200A) of the Poly-Beanim recorder. The banid pass filter xvas set to 0.1 for the lower limit and to 40 for the upper limit. The pulse-wave transducier used to record the apexcardiogram reproduced ani electric signal. that was pi-opor tionlal to the chaniginig pressture in the tubing. The heart sounds were recorcded witlh a frequency response betweeni 2.5 and 400 Hz.
The pickup bell of the sound microphone connected vith the lilnear pulse-wave tr.ansducer xvas placed directly over-the miaximum apical imptulse anid was held in position by ban-d with slight-to-moderate pressuIe applied to the clhest wall. The tracinigs were usually recorded at the enid of expiration. Preetutionis were takeni to inisuire that the patients clid not perfornm the Valsalva manietuver.. The ti acings were recorded at a paper speed of 75 mnm/sec with time Iiiies of 0.04 see.
The postexercise apexcaurdiograiims uised for analysis wvere the earliest acceptable tracinigs per-fou-iiccl m after exercise. Acceptable tracings wxere niot isually obtained The apexcard-cliogra.ms were reviewed bv the author after the study was completed. He did nlot kinow from whoim the tracings siinder reviewv were obtained.
The 98 suibjects lhad a treatdmill stress test performed 1 houir after thelir postexercise apexcardiogram. The 94 asymptomnatic subjects had a maximal treadmnill stress test as previouisly reported.8' Four subjeets wvlo i1ow hald angina performed a submaximnal treadlmill sti-ess test.. The treadmill stress tests were performed as previously described.3 Leads I, aVF, and V5 were recorded in the supine and standing positions before exercise. A multistage uninterrupted treadmill stress test similar to that described by Doan and associates" was then performed. The patients were monitored with lead V;, throughout exercise with an oscilloscope.
Leads V5, aVF, and I were recorded in that order each minute during exercise, continuously after 75% of the predicted maximal heart rate7 was reached, immediately after exercise in the upright and supine positions, and in the supine position every minute after exercise for at least 6 min. Blood pressures were recorded before and after exercise. The asymptomatic subjects were exercised until they reached 100% of their predicted maximal heart rate or exhaustion. Three of the four subjects with angina pectoris exercised until the onset of angina; the fourth subject with angina pectoris exercised until he reached 90% of his maximal predicted heart rate.7
The criterion for an abnormal exercise test was 1.0 mm or more of ischemic S-T-segment depression below the resting level, with either the S-T segment extending horizontally for at least 0.08 sec or with downward sloping of the S-T segment.
The electrocardiograms were reviewed by the author after the study was completed. He did not know from whom the tracings under review were obtained.
Results
Ninety-four of the 98 asymptomatic subjects (95.9%) experienced no clinical manifestations of coronary artery disease during the 30-month followup period. Four of the 98 asymptomatic subjects (4.1%) developed angina pectoris during the 30month follow-up period. Two of these four subjects had significant three-vessel disease visualized by coronary angiography, and one of these two subjects had experienced a transmural myocardial infarction. One subject with angina had significant two-vessel disease visualized by coronary angiography. The fourth subject with angina had a 75% occlusion of his left anterior descending coronary artery visualized by coronary angiography. Table 1 shows that two of the six subjects (33%) who initially had a resting a-wave ratio of at least 15% developed angina pectoris due to angiographically documented significant coronary artery disease within the 30-month follow-up period. One of these two subjects also had experienced a transmural myocardial infarction. Two of the 92 subjects (2.2%) who initially had a normal resting a-wave ratio developed angina pectoris due to angiographically documented significant coronary artery disease within the 30-month follow-up period.
The data in table 1 were analyzed using a chisquare test. Asymptomatic subjects with an initially abnormal a-wave ratio in the resting apexcardiogram were more likely to develop coronary heart disease within 30 months than asymptomatic subjects with a normal a-wave ratio in the resting apexcardiogram (chi-square = 13.97, P < 0.001).
Of the six asymptomatic subjects who initially had an abnormal resting a-wave ratio in their resting apexcardiogram, two subjects (33%) developed coronary heart disease and had an abnormal a-wave ratio in their 30-month follow-up resting apexcardiogram. One of the these six subjects (17%) remained asymptomatic and had a normal a-wave ratio in his 30-month follow-up resting apexcardiogram. Three of these six subjects (50%) remained asymptomatic and had an abnormal a-wave ratio in their 30-month follow-up resting apexcardiogram.
Of the 92 asymptomatic subjects who initially had a normal a-wave ratio in their resting apexcardiogram, two subjects (2.2%) developed coronary heart disease and had an abnormal a-wave ratio in their 30-month follow-up resting apexcardiogram. One of these 92 asymptomatic subjects (1.1%) remained asymptomatic and had an abnormal a-wave ratio in his 30-month follow-up resting apexcardiogram. Eighty-nine of these 92 asymptomatic subjects (96.7%) remained asymptomatic and had a normal a-wave ratio in their 30-month followup resting apexcardiogram. Table 2 indicates that three of the 15 subjects (20%) who initially had a postexercise a-wave ratio of at least 20% developed angina pectoris due to angiographically documented signfficant coronary artery disease within the 30-month follow-up period. One of these three subjects also had Normal subjects with an initially normal postexercise apexcardiogram (N = 83) 1 1.2 experienced a myocardial infarction. One of the 83 subjects (1.2%) who initially had a normal postexercise a-wave ratio developed angina pectoris due to angiographically documented significant coronary artery disease within the 30-month follow-up period.
The data in table 2 were analyzed using a chisquare test. Asymptomatic subjects with an initially abnormal postexercise a-wave ratio were more likely to develop heart disease within 30 months than normal subjects with a normal postexercise awave ratio (chi-square = 11.46, P < 0.001).
Of the 15 subjects who initially had an abnormal postexercise a-wave ratio, three subjects (20%) developed coronary heart disease and had an abnormal a-wave ratio in their 30-month follow-up postexercise apexcardiogram. Four of these 15 subjects (27%) remained asymptomatic and had a normal a-wave ratio in their follow-up postexercise apexcardiogram. Eight of these 15 subjects (53%) remained asymptomatic and had an abnormal awave ratio in their follow-up postexercise apexcardiogram.
Of the 83 asymptomatic subjects who initially had a normal postexercise a-wave ratio, one subject (1.2%) developed coronary heart disease and had an abnormal a-wave ratio in his follow-up postexercise apexcardiogram. Three of these 83 asymptomatic subjects (3.6%) remained asymptomatic and had an abnormal a-wave ratio in their follow-up postexercise apexcardiogram. Seventy-nine of these 83 asymptomatic subjects (95.2%) remained asymp-tomatic and had a normal a-wave ratio in their follow-up postexercise apexcardiogram. Table 3 shows that two of four asymptomatic subjects (50%) who initially had both an abnormal maximal treadmill stress test2 3 and an abnormal awave ratio in their resting apexcardiogram developed angina pectoris due to angiographically documented significant coronary artery disease within the 30-month follow-up period. One of these two subjects also had experienced a myocardial infarction. Two of the 94 subjects (2.1%) who did not initially have both an abnormal maximal treadmill stress test and an abnormal a-wave ratio in their resting apexcardiogram developed angina pectoris due to angiographically documented significant coronary artery disease within the 30-month period.
The data in table 3 were analyzed using a chisquare test. Asymptomatic subjects with both an initially abnormal maximal treadmill stress test and an abnormal resting a-wave ratio were more likely to develop coronary heart disease within 30 months than normal subjects without both an abnormal maximal treadmill stress test and an abnormal resting a-wave ratio (chi-square = 22.46, P < 0.001). Table 4 shows that three of seven asymptomatic subjects (43%) who initially had both an abnormal treadmill stress test2' 3 and an abnormal a-wave ratio in their postexercise apexcardiogram2 developed angina pectoris due to angiographically documented significant coronary artery disease within the 30-month follow-up period. One of these three subjects also had experienced a myocardial infarction. One of the 91 subjects (1.1%) who did not initially have both an abnormal maximal treadmill stress test and an abnormal postexercise awave ratio developed angina pectoris due to angiographically documented significant coronary artery disease within the 30-month follow-up period.
The data in table 4 were analyzed using a chisquare test. Asymptomatic subjects with both an initially abnormal maximal treadmill stress test and an abnormal postexercise a-wave ratio were more likely to develop coronary heart disease within 30 months than normal subjects without both an abnormal maximal treadmill stress test and an abnormal postexercise a-wave ratio (chi-square = 28.95, P< 0.001).
None of the individuals who had an abnormal maximal treadmill stress test, an abnormal resting apexcardiogram, or an abnormal postexercise apexcardiogram had hypertension.
Discussion
The a wave of the apexcardiogram reflects the left ventricular filling wave associated with the impact of blood upon the left ventricular wall during left atrial contraction.8 Benchimol and Dimond' stated that patients with an ischemic left ventricle have an increased resistance to distensibility, causing the left ventricular end-diastolic pressure to rise, requiring a more vigorous left atrial contraction. Tavel and his associates9 found that a resting a-wave ratio in the apexcardiogram of _ 15% indicated forceful and voluminous left atrial contraction, arising in response to an elevated left ventricular end-diastolic pressure.
Voigt and Friesinger10 pointed out that the awave ratio in the apexcardiogram is influenced by the level of the left ventricular end-diastolic pressure, left ventricular volume, and left ventricular compliance. These investigators found that the a-wave ratio in the apexcardiogram reflected the left ventricular a wave caused by atrial systole. Circulation, Volume XLVII, April 1973 They pointed out that the a-wave ratio in the apexcardiogram predicted the magnitude of the left ventricular a wave more accurately than the left ventricular end-diastolic pressure. These investigators also found that an a-wave ratio in the resting apexcardiogram of > 15% was associated consistently with an elevated left ventricular end-diastolic pressure, but that a normal a-wave ratio could not be used as evidence for a normal left ventricular end-diastolic pressure.
Our data show that two of six asymptomatic subjects (33%) who had an initially abnormal awave ratio in their resting apexcardiogram developed subsequent coronary heart disease within 30 months compared to two of 92 asymptomatic subjects (2.2%) who initially had a normal resting awave ratio. We also found that three of 15 asymptomatic subjects (20%) who had an initially abnormal a-wave ratio in their postexercise apexcardiogram developed subsequent coronary heart disease within 30 months compared to one of 83 asymptomatic subjects (1.2%) who initially had a normal postexercise a-wave ratio. These data suggest that the resting and postexercise apexcardiogram may be a sensitive indicator of decreased left ventricular compliance due to latent myocardial disease.
The author is reporting elsewhere4 that an abnormal maximal treadmill stress test was correlated in our asymptomatic subjects with an increased probability of developing subsequent clinical coronary heart disease (chi-square = 14.16, P < 0.001).
Furthermore, our data show that two of four asymptomatic subjects (50%) who initially had both an abnormal maximal treadmill stress test and an abnormal resting a-wave ratio developed subsequent coronary heart disease within 30 months compared to two of 94 asymptomatic subjects (2.1%) who initially did not have both an abnormal maximal treadmill stress test and an abnormal resting a-wave ratio. Our data also show that three of seven asymptomatic subjects (43%) who initially had both an abnormal maximal treadmill stress test and an abnormal postexercise a-wave ratio developed subsequent coronary heart disease within 30 months compared to one of 91 asymptomatic subjects (1.1%) who initially did not have both an abnormal maximal treadmill stress test and an abnormal postexercise a-wave ratio. More data need to be obtained to determine whether an abnormal resting or postexercise apexcardiogram in the absence of an abnormal maximal treadmill stress test will correlate with an increased probability of developing subsequent clinical coronary heart disease.
However, our data indicate that the predictive value of an abnormal postexercise apexcardiogram plus an abnormal maximal treadmill stress test (chisquare = 28.95) is greater than the predictive value of the maximal treadmill stress test alone (chisquare = 14.16) in identifying individuals who will develop subsequent clinical coronary heart disease. Three of our 13 asymptomatic individuals (23.1%) who initially had an abnormal maximal treadmill stress test developed coronary heart disease within 30 months.4 One of our 87 asymptomatic subjects (1.1%) who initially had a normal maximal treadmill stress test developed coronary heart disease within 30 months.4 Therefore, the risk ratio of coronary heart disease incidence in positives to coronary heart disease incidence in negatives is 23.1/1.1 or 19.3 for the maximal treadmill stress test. Our data show that the highest risk ratio is 43/1.1 or 39.1 for the postexercise apexcardiogram plus the maximal treadmill stress test, indicating that the postexercise apexcardiogram plus the maximal treadmill stress test yield the best prognostic index.
In conclusion, our data show that an abnormal maximal treadmill stress test,4 an abnormal a-wave ratio in the resting apexcardiogram, and an abnormal a-wave ratio in the postexercise apexcardiogram in asymptomatic subjects may reflect clinically silent myocardial ischemia and is signifi-cantly correlated with an increased incidence of subsequent coronary heart disease. The presence of both an abnormal maximal treadmill stress test and an abnormal a-wave ratio in the postexercise apexcardiogram had the best predictive value in predicting subsequent coronary heart disease.
